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Abstract

Purpose The aim of this study was to establish ranges of

angular variation in lordotic and kyphotic curves in normal

male and female children and adolescents.

Methods We developed a pantograph to measure dorsal

curves. It consisted of a tripod-supported vertical strut to

which an articulated bar was fixed and which had an arm

that was able to follow the dorsal surface while moving up

and down. This arm was positioned over the C7 spinous

process and followed spinous processes to L5 at constant

speed. A laser beam was used to ensure the proper posi-

tioning of the pantograph and the subject. The motion was

recorded using software so that the dorsal outline was

represented on a computer screen, and lordotic and kyph-

otic curves were automatically measured. Before per-

forming the population study, the pantograph was validated

in 20 normal subjects by comparing the pantograph mea-

surements with lateral spine radiographs. There were no

statistically significant differences in the measurements.

There were 718 subjects with no race selection, of whom

350 were males and 368 females ranging in age from 5 to

20 years and presenting normal weight and height. Indi-

viduals with generalized ligament laxity, trunk asymmetry,

muscle retraction, or any orthopedic anomaly were

excluded from the study. Data were analyzed according to

age and gender. Student’s t tests and regression analysis

were performed.

Results Kyphotic curves increased linearly from 25� at

7 years of age to 38� at 19 years of age (kyphotic an-

gle = 25� + 0.58 · age). Lordotic curves increased line-

arly from 22� at 5 years of age to 32� at 20 years of age

(lordotic angle = 24� + 0.51 · age). There were no dif-

ferences between males and females.

Conclusions The pantograph that was developed for this

study was successfully used to establish the normal ranges

and progression of thoracic kyphosis and lumbar lordosis in

the studied population. Both curves increased linearly with

age, with no differences between males and females.

Keywords Pantograph � Spine � Thoracic kyphosis �
Lumbar lordosis

Introduction

During the early prenatal period, the sagittal curvatures of

the spine are represented by an almost continuous curve

formed by the thoracic and sacrococcygeal segments [1]. In

the fetal stage, the cervical and lumbar lordosis appear as

secondary curves, and their development seems to be re-

lated to the muscle action and fetal movements [2, 3].

After birth, as is the case for other skeletal parameters in

children, changes in the spinal sagittal curves also occur

during the growth period [4]. Despite the importance of

recognizing spinal modifications according to age, few

studies have analyzed kyphosis and lordosis in homoge-

neous sample populations during growth to establish nor-

mal ranges of variation. Most studies have measured spinal

curves on radiographs that were obtained for other pur-
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poses [4, 5]; consequently, the data may be heterogeneous,

and it is difficult to compare values across studies.

Voutsinas and MacEwen [4] obtained lordotic and kyphotic

measurements from radiographs of individuals who had

been referred for scoliosis evaluation, but were normal.

These authors found that there was an increase of both

curves with age, with no gender differences, and were able

to establish the profile of the progression of kyphosis and

lordosis from 5- to 20-year-old subjects. However, they

recognized that the number of subjects evaluated in some

yearly age groups were too low for analysis of some

variables. A different approach was used by Willner and

Johnson [6] who conducted a systematic study using a

pantograph to trace the sagittal spinal curvature from 8- to

16-year olds. They found that kyphosis and lordosis varied

across gender and tended to increase with growth. In

adults, sagittal curve values varied according to different

investigators, with the range for kyphosis being ~35�–37�
[7, 8] and that for lordosis ~45�–67� [9, 10], but such

studies were conducted in heterogeneous populations.

Radiography is the most commonly used method to

assess sagittal spinal curves. Nonetheless, the method is not

ideal for systematic population studies because of its high

cost and exposure of subjects to ionizing radiation [11].

Some radiograph images are difficult to analyze, as it may

be hard to precisely identify the beginning of the kyphotic

curve because of the shoulder girdle and rib overlap [12].

Voutsinas and MacEwen [4] found that when sagittal spinal

curves were measured on X-rays, the most common source

of discrepancy among examiners was the choice of the top

vertebra in the thoracic region. To overcome these limita-

tions, instruments to clinically evaluate dorsal curves, such

as the spinal pantograph [13, 14], Myrin’s inclinometer,

Debrunner’s kyphometer [15] and, more recently, the ar-

cometer [11], were developed. Theoretically, such methods

permit large population studies, and the evaluation can be

carried out without risk and while still observing ethical

limits.

The purpose of the present investigation was to study

systematically the normal ranges of thoracic kyphosis and

lumbar lordosis during growth with serial measurements

obtained using a modified spinal pantograph to track the

dorsal profile in normal 5- to 20-year olds.

Materials and methods

Population study

The study was approved by the Institutional Review Board,

and informed written consent was obtained from each

subject or his or her guardian. The 718 subjects comprised

350 males and 368 females, all of whom were 5- to 20-year

olds attending public schools or preschools. There was no

race selection, but the majority were white. The stature and

weight of all subjects were within the normal ranges

established by the Centers for Disease Control and Pre-

vention [16]. Individuals with any of the following condi-

tions were excluded: past or present spinal pain, previous

treatment for postural correction, trunk asymmetry, leg

length discrepancies, muscle shortening, or generalized

ligament laxity according to the criteria of Wynne-Davies

[17].

Dorsal curves were measured using our modified and

further developed version of the spinal pantograph previ-

ously described by Willner [13, 14]. Figure 1 is a sche-

matic representation of the pantograph, which was made of

a rigid, 1.5-m long strut that remained vertically positioned

on a tripod (Fig. 1a–c). A stem that could be adjusted in

length was linked to the strut with a cogwheel. A small

mobile arm, with a free end on a pulley, was fixed to the

stem. By means of an engine placed at the base of the stem,

the mobile arm could go up and down and also could

simultaneously move forward and backward to record the

depth of the spine in the sagittal plane, thus tracking the

dorsal curves. Displacement of the mobile arm was trans-

mitted to a potentiometer connected to a laptop computer

that outlined the dorsal contour. A non-commercial and

custom-made computer program identified the transition

between kyphotic and lordotic curves and provided their

measurements in degrees. To facilitate the fine-tuning of

the apparatus and to guarantee the correct vertical path to

be covered by the mobile arm along the spine, a laser beam

was coupled into the mobile lever.

Validation process

The pantograph was validated in 20 normal 6- to 19-year-

old subjects of both genders. First, a panoramic lateral X-

Fig. 1 Schematic drawing of the pantograph used to outline the

subject’s dorsal contour over the spine. The apparatus has a tripod-

stabilized strut (1), where another stem that permits height and

inclination adjustment is fixed (2). A mobile lever arm with a pulley

at the free end is placed over that stem (inset A) that advances or

retracts, following spinal curves, while the whole system is moving

from C7 to L5 by an engine (inset B). Drawings a, b, and c display the

front, lateral, and oblique views of the appliance, respectively
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ray was taken with the barefoot individual carefully posi-

tioned, with hands placed on a support bar that kept the

shoulder and elbows in a semiflexed comfortable position,

thus avoiding interference of the upper limb positioning

with the spinal curves [18]. All the X-ray exposure pos-

itionings were supervised by one of the authors. On the

films, the entire thoracic and lumbar spinal segments were

shown, and it was assured that the upper limit of the first or

the second thoracic vertebrae were identifiable. Then, the

kyphotic and lordotic curves were measured according to

Cobb’s method by a pediatric orthopedic surgeon not in-

volved with the present investigation. After being X-rayed,

the volunteer was taken to the pantograph to record the

dorsal curves. All the pantograph assessments were made

by one of the authors. For the evaluation, the subject wore

no shoes, was instructed to remain standing comfortably,

bearing weight equally on both legs, with hands placed on

the same support bar, and keeping the shoulders and el-

bows in the same semi-flexed position used to take the

radiographs. To ensure privacy, female subjects wore

gowns that exposed only the spinal region (Fig. 2).

The pantograph was placed behind the individual; its

mobile arm was positioned at the spinous process of the

seventh cervical vertebra and the laser beam was adjusted

to point to the spinous process of the fifth lumbar vertebra

(Fig. 2). The appliance was turned on, the arm descended

to the lumbar region at a constant speed of 13.8 cm/s, with

the tracking being recorded on the computer screen. Three

repeated measures were obtained for each subject in the

same session but not consecutively, i.e., after one mea-

surement the individual left the pantograph, sat on a chair

for some minutes and then returned to the pantograph for a

new positioning and evaluation. The average of the three

values was considered for the statistical analysis. The

pantograph measured the curves in decimals; however, for

statistical analysis, they were rounded off to the nearest

whole number.

Statistical analysis

Paired Student’s t tests were used to compare the data X-

rays and the pantograph. For the population study, subjects

were grouped according to age (year intervals). Regression

analysis was used to analyze data related to thoracic ky-

phosis and lumbar lordosis and to determine the best pos-

sible adjusted relation model. The model that presented the

best fit was the linear equation, Y = a + b · age, where Y

is either the kyphotic or lordotic angles and a and b are the

linear and angular coefficients of the straight line. Student’s

t tests were used to compare thoracic kyphosis and lumbar

lordosis between males and females at each age.

Results

Validation process

Table 1 shows the results obtained with the validation

process, and Fig. 3 displays the graphic curves for kyphosis

and lordosis obtained using both X-rays and the panto-

graph. Student’s t tests indicated no significant differences

in measurements obtained using the pantograph and X-rays

(kyphosis P = 0.18, median difference = 2.00; lordosis

P = 0.12, median difference = 2.00).

Population study

Findings of kyphosis and lordosis for male subjects are

shown in Table 2 and for female subjects in Table 3.

Fig. 2 Illustration of the

pantograph in operation. a
Patient is standing, with the

hands leaning on a support and

the pantograph is carefully

positioned behind. b Detail of

the mobile arm positioning over

C7 and the distally centered

laser beam over the lumbar

spine region. After examination

starts, the pulley follows in

descending motion the spinous

processes from C7 to L5 at

uniform speed. Female patients

were dressed with a rear-opened

gown that exposed only the

spinal region, so that privacy

was respected
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Figures 4 and 5 illustrate the age variation for males and

females, respectively. In general, for both genders, both

spinal curvatures tended to increase with age, except at

some isolated ages.

The comparison of thoracic kyphosis and lumbar lor-

dosis variation between males and females for each age

group made using the Student’s t test for independent

samples showed no statistically significant difference for

the majority of the age groups. However, for thoracic

kyphosis there was statistical difference between males

and females at ages 8 (P = 0.02) and 14 (P = 0.02).

Likewise, the lumbar lordosis variation between males

and females was statistically significant in the 6-year-old

group (P = 0.02) and in the 20-year-old group

(P = 0.05).

When the whole population is considered, the mean

thoracic kyphosis values ranged from 25� in 7-year olds to

38� in 19-year olds. For lumbar lordosis, the values also

tended to increase with age, with mean lumbar lordosis

values ranging from 22� in 5-year olds to 32� in 20-year

olds.

Figure 6 shows kyphotic variation with age, without

gender distinction, with the straight line adjusted by linear

regression analysis at 95% confidence intervals (CI). Ky-

phosis = 25 + 0.58 · age (P < 0.001). This means that the

angular coefficient of 0.58 was significantly different from

zero, with R2 = 7.7%, i.e., age accounted for 7.7% of the

variation in kyphosis. The linear correlation coefficient was

0.28 (P < 0.001).

Figure 7 shows lordotic variation with age, without

gender distinction, with the straight line adjusted by linear

regression analysis at 95% CI. Lordosis = 24 + 0.51 · age

(P < 0.001). This means that the angular coefficient of 0.51

was significantly different from zero, with R2 = 4.0%, i.e.,

age accounted for 4.0% of the variation in lordosis. The

linear correlation coefficient was 0.20 (P < 0.001).

Discussion

The authors successfully used the pantograph to measure

spinal curves in the sagittal plane. The pantograph is easy

to operate and its portability permits field research, thus,

eliminating the need for subject transportation. Once cali-

brated, the pantograph allowed serial examinations, which

facilitated data collection and lowered costs.

Table 1 Angle of kyphosis and lordosis obtained with X-rays and the

pantograph in the validation process

Subject

number

Gender Age

(years)

Spinal curve (degrees)

Kyphosis Lordosis

X-

rays

Pantograph X-

rays

Pantograph

1 Male 6 40 38 32 39

2 Female 7 28 37 46 36

3 Male 7 34 27 46 53

4 Male 8 30 29 44 42

5 Male 8 40 38 32 39

6 Male 8 30 30 36 32

7 Male 10 32 36 36 43

8 Female 10 36 38 37 43

9 Male 10 40 47 50 53

10 Male 11 40 41 46 51

11 Male 11 38 40 46 50

12 Male 12 32 38 40 38

13 Female 12 40 42 32 35

14 Male 13 40 37 20 27

15 Male 13 32 29 40 39

16 Female 14 36 36 32 34

17 Male 15 36 47 40 41

18 Female 17 46 48 50 51

19 Female 18 39 43 42 48

20 Female 19 41 43 42 48

Mean 37 38 39 42

Standard

deviation

4.6 5.9 7.3 7.3

x-rays

pantograph

x-rays

pantograph

-80

-60

-40

-20

0

20

40

60

80

5

Age (years)

sis
o

h
py

K
sis

o
dr

o
L

X-rays Pantograph

20191817161514131211109876

Fig. 3 Comparison of the

kyphosis and lordosis data

obtained using X-rays and

pantograph in the validation

process
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Although useful for postural evaluation, the pantograph

should be carefully positioned and a laser beam pointer

should be adapted to the mobile arm to assure that the

pulley tracking is over the spinous processes. Therefore,

the presence of scoliosis or any trunk asymmetry may

represent a limitation of the method. Thus, if subjects move

during the examination, the pantograph detects an error and

invalidates the exam. This occurrence supports the validity

of our measurements, since only technically satisfactory

exams were recorded. The validation process showed that

data acquired using X-rays were statistically similar to

those obtained using the pantograph, although the analysis

of Fig. 3 suggests that the pantograph may have overesti-

mated the results, both for kyphosis and lordosis. These

results are contrary to those found by Willner and Johnson

[6], who reported that the pantograph underestimated

lumbar lordosis values in their investigation. It must be

realized that the pantograph tracks the dorsal surface

anatomy and may also reflect the amount of adipose tissue.

An attempt was made to minimize such influences by

selecting volunteers by weight and stature. Another dif-

ference between the pantograph and radiograph may be

related to the difference in the selection of the transition

vertebra and even the top thoracic vertebra, as it may be

difficult to be properly visualized on X-rays, as pointed out

by Voutsinas and MacEwen [4]. In the same study, these

authors discussed that Cobb’s method is not always accu-

rate because two different spinal curvatures may have the

same angle. Consequently, the differences in the curve are

more accurately reflected when the length of the curves and

their respective widths are considered. However, the same

authors concluded that if this is true for pathologic curva-

tures, Cobb’s angle is an adequate method of evaluation

when normal individuals are considered.

The evaluation of posture is based on both clinical and

radiographic criteria [4]. We do not suggest that the pan-

tograph should replace radiographs in evaluating postural

anomalies. X-ray images give information that pantographs

cannot. However, an important reason for developing non-

invasive techniques to assess posture is to reduce exposure

of subjects to X-rays when charting the development of

spinal curves [13, 14] and to perform the screening of

populations. In this investigation, it was possible to

examine a large population with a controlled distribution of

people in different age groups. Therefore, it was possible to

take serial measurements of the thoracic and lumbar

curves, avoiding the disadvantages found in retrospective

studies that analyzed X-rays ordered for other purposes.

Our results demonstrate an age-related trend toward

increases in thoracic kyphosis, although decreases were

observed in isolated groups when compared with the

younger age group (Table 2). This was interpreted as a

casual occurrence and does not prove that such differences

do not actually occur. Such results are very similar to those

obtained by Voutsinas and MacEwen, which were based on

radiographic analysis [4]. The Willner and Johnson’s series

Table 2 Age distribution of kyphosis and lordosis in male subjects,

measured using the pantograph

Males

Ages

(years)

n Kyphosis (degrees) Lordosis (degrees)

Mean SD Min. Max. Mean SD Min. Max.

5 13 26 6 11 35 21 10 9 42

6 13 27 8 15 38 19 13 3 42

7 17 27 6 16 37 23 10 8 36

8 20 32 9 16 44 21 19 6 35

9 33 32 7 13 44 30* 9 2 46

10 44 32* 8 12 45 30 9 11 44

11 32 33 7 13 43 34 6 17 47

12 41 33* 6 14 41 34* 7 17 45

13 34 33 7 12 46 33 7 11 44

14 22 38 6 27 48 32 11 10 55

15 13 35 8 24 46 31 11 14 44

16 15 32 9 10 44 27 13 8 43

17 16 36 8 15 43 31* 9 17 42

18 11 37 8 18 45 28 12 9 47

19 12 41 4 32 47 27 9 14 40

20 14 36* 7 16 45 26* 11 7 41

*Statistical significance

Table 3 Age distribution of kyphosis and lordosis in female subjects,

measured using the pantograph

Females

Age

(years)

n Kyphosis (degrees) Lordosis (degrees)

Mean SD Min. Max. Mean SD Min. Max.

5 16 27 7 13 37 22 9 10 40

6 15 28 5 19 38 29 8 12 40

7 13 23 10 6 36 28 6 14 38

8 27 26 8 11 45 26 11 5 45

9 38 30 8 13 43 30 10 10 46

10 30 33 8 16 46 32 7 17 43

11 39 33 6 12 41 31 7 16 46

12 41 32 6 12 44 33 7 12 45

13 32 34 8 14 47 34 9 13 47

14 18 32 9 12 47 35 16 13 51

15 22 32* 10 12 46 33* 11 15 56

16 13 33 8 13 42 28* 12 11 45

17 18 30* 10 11 45 30 11 6 46

18 15 35 8 11 45 35 8 14 44

19 14 36 9 10 45 34 9 11 45

20 17 32 9 14 44 38 10 13 50

*Statistical significance
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[6], using a pantograph, showed a general tendency for

thoracic kyphosis to increase with age; however, for the

ages between 10 and 12 years, they found a constant de-

crease.

Age-related increases in thoracic kyphosis can be

attributed to overloading of spinal soft tissue, particularly

to the intervertebral disk with ageing [19], or secondary to

extreme physical activities, during the growth period [20].

Revel et al. [21] found destructive changes at the spinal

growth plate in rats that were submitted to repetitive

physical activity under weight overloading conditions. This

issue warrants further investigation, but is probably not

valid for normal young people. However, it would be

interesting to assess the specific contribution of vertebral

body shape and disk thickness to spinal curves in the

growing individual, as Damasceno et al. [10] did for lor-

dosis in adults.

Similar to other studies [4, 5, 22], the present one did not

reveal any gender differences with thoracic kyphosis, ex-

cept at some isolated ages, which was considered to be a

random occurrence. With respect to gender, for kyphosis,

the results agree with that of the other study [4]. Fon et al.

[22] assessed the kyphosis on X-rays of 2- to 77-year olds

who did not have postural anomalies and concluded that

the rate of increase was higher in females than in males.

Such differences were not observed in our investigation,

but the studied populations were different.
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Fig. 4 Age variation of the

kyphotic and lordotic curves for

male subjects, measured using

the pantograph
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Fig. 6 Scattered distribution of kyphotic angles for the whole

population (males and females). The straight line is adjusted by

linear regression at 95% confidence interval

Fig. 7 Scattered distribution of lordotic angles for the whole

population (males and females). The straight line is adjusted by

linear regression at 95% confidence interval
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For lordosis, we saw a general tendency of the curve to

increase with age, with no gender differences, as was also

revealed in other studies [4, 5, 8]. This contrasts with re-

sults obtained by Fernand and Fox [9], who found that

females had a larger mean lordotic angle than males.

However, their studied population was formed mostly of

patients with low back pain, and radiographs were taken in

the recumbent position.

Legaye and Duval-Beaupere [23] showed a strong cor-

relation between pelvic tilt angle and thoracic kyphosis and

lumbar lordosis, assessing the onset of spinal deviation

with pelvic evaluation. These authors concluded that there

are three parameters to consider for evaluation: (1) the

pelvic angle, (2) the sacral angle and (3) the pelvic balance.

These three measurements may directly affect thoracic

kyphosis and lumbar lordosis. The pantograph does not

allow such information to be obtained, and this may rep-

resent a limitation of the method.

In conclusion, we developed a pantograph that was

useful in obtaining measurements of kyphosis and lordosis

in normal individuals from 5 to 20 years of age. Both types

of curve tended to increase with age, with a well-repre-

sented interval, according to linear variation. Furthermore,

there were no differences between males and females.
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logic abnormalities of the thoracolumbar spine in athletes. Acta

Radiol 31:127–132

21. Revel M, Andre-Deshays C, Roudier R, Bertrand R, Hamard G,

Ghislaine H, Bernard A (1992) Effects of repetitive strains on

vertebral end plates in young rats. Clin Orthop Relat Res

279:303–309

22. Fon GT, Pitt MJ, Thies AC Jr (1980) Thoracic kyphosis: range in

normal subjects. AJR Am J Roentgenol 134:979–983

23. Legaye J, Duval-Beaupere G (2005) Sagittal plane alignment of

the spine and gravity: a radiological and clinical evaluation. Acta

Orthop Belg 71:213–220

J Child Orthop (2007) 1:187–193 193

123

http://www.cdc.gov/nchs/data/nhanes/growthcharts/set1clinical/cj41l021.pdf
http://www.cdc.gov/nchs/data/nhanes/growthcharts/set1clinical/cj41l021.pdf

	Development and evaluation of thoracic kyphosis and lumbar lordosis during growth
	Abstract
	Introduction
	Materials and methods
	Population study
	Validation process

	Statistical analysis
	Results
	Validation process
	Population study

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


